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ABSTRACT

The Behavioral Responses of Utah Prairie Dogs

(Cynomysparvidens) to Translocation
by

Steven H. Ackers, Master of Science
Utah State University, 1992
Major Professor: Dr. Thomas C. Edwards, Jr.
Department: Fisheries and Wildlife

In cases where refuge acquisition or captive breeding programs are not practical
or justifiable, wild caught animals are frequently translocated into areas of suitable
habitat. Such management programs seldom are designed to account for the behavioral
responses of translocated animals to an unfamiliar habitat, breakup of social units, and/or
interactions with existing social units in the new habitat. Ongoing efforts to translocate
threatened Utah prairie dogs (Cynomysparvidens) from areas where conflicts with other
land uses are occurring to public land sites have met with limited success. This could
be due, in part, to behavioral responses associated with disrupting social units and
placing animals in an unfamiliar environment.
The purpose of this research was to test a series of hypotheses regarding the
behavioral responses of Utah prairie dogs to translocation. Focal animal sampling was
used to estimate the durations and frequencies of five behavioral variables and five
interaction types at four treatments: control, new site, supplemental site, and new
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population.

In Chapter 1, activity budgets were compared among control animals,

animals released into a new site versus a supplemental site, and animals already present
at a supplemental site. The objective was to evaluate the relative effects of new and
supplemental translocations and the effects of translocations on resident animals. In
Chapter 2, the frequencies of interactions were compared among these same treatments
to evaluate the effects of translocation on the sociality of Utah prairie dogs as reflected
by changes in the frequencies of greeting displays, dominance/subordinance displays, and
amiq1ble and agonistic interactions. Chapter 3 compares the activity budgets of animals
released at a site containing natural burrows (i.e., new population) and animals released
into a site containing artificial burrows (i.e., new site) to a control.

Habitat

measurements for these treatments were also compared to evaluate the importance of
habitat characteristics typical of prairie dog colonies to translocated animals. Hotelling's

r analyses were used to compare behavioral durations between treatments and log-linear
analyses were use to compare behavioral frequencies among treatments.
Activity budgets were altered by translocation through tradeoffs between the
amount of time spent foraging, being vigilant, exploring the unfamiliar habitat, and
minimizing conspicuousness. Predicted changes in interactions frequencies as a result
of translocations were not observed. Activity budgets of animals released into the site
containing natural burrows did not differ from those of control animals. The most
important behavioral consideration is the effects of burrow and habitat characteristics in
providing centers of activity and effective predator detection and avoidance.
(94 pages)

INTRODUCTION

Translocation can be defined as the capture and transport of wild animals to more
favorable habitat. Translocation of threatened and endangered species is implemented
for a variety of biological and political reasons specific to each case.

Although the

mechanics of translocations have been substantially improved over early attempts
(Griffith et al. 1989), the behavioral responses of most species to translocation are only
superficially understood.

Limited knowledge about the behavioral responses of

individuals undergoing translocation is considered by some to be a serious weakness of
translocation strategy (Kleiman 1989). Here I examine the behavioral responses of Utah
prairie dogs (Cynomys parvidens), listed as a threatened species under the Endangered
Species Act in 1984 (Federal Register 1984), to translocation efforts designed to establish
new or augment existing colonies.
The effects of translocation on animal behavior can be grouped into effects on (1)
individual behaviors such as foraging/vigilance decisions and (2) social behaviors among
two or more individuals such as greeting displays or amicable and agonistic interactions.
Obviously, this distinction is not entirely valid as the behaviors of one individual will
affect the behaviors of other individuals with which it interacts.

For the purpose of

examining the behaviors of translocated animals, however, this approach provides a way
to isolate quantifiable behavioral variables which can be compared between translocated
animals and animals in a natural setting.
Individual activity budgets can be expected to change as a result of translocation.
For example, many species respond with a general fear response (neophobia) when
placed in a new environment (Wallace 1988). Although this behavior is thought to have
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evolved because it enhances an individual's survival when faced with novel objects in the
environment, it may also interfere with the performance of many behaviors critical to
survival such as foraging (Barnett 1958, 1963, Mitchell 1976, Greenberg 1984). For
example, Wright-Smith (1978) reported that Utah prairie dogs in natural settings spent
59 % of their active time foraging. If translocation produces a neophobic response by
individuals to the new habitat, a reduction in the amount of time spent foraging is
expected as individuals explore the new habitat. To the extent it is vital that a minimum
proportion of active time be spent foraging, any reduction may affect the survival of
translocated prairie dogs and the ultimate success of the translocation effort .
The amount of time spent scanning for predators is another example of an
individual behavioral decision potentially affected by the social environment. In a natural
setting, social animals such as prairie dogs rely on a system of socially facilitated
vigilance in which an animal that detects a predator emits an alarm call which alerts
neighboring animals (e.g ., Hoogland 1981a, b) . Although the kin selectionist argument
for the evolution of this system is that it serves to protect genetic relatives from predation
(Hoogland 1981b), the effect for both related and unrelated neighbors is that each
individual can spend less time scanning for predators and rely upon others to scan during
periods of foraging or inactivity. The effect of removing an animal from this type of
social environment and placing it into unfamiliar surroundings without the benefit of
socially facilitated vigilance is an alteration of individual behavior to compensate for the
lack of cooperation in vigilance.

In this circumstance it is likely an individual will

increase its allocation of time spent scanning. Another possibility is that the individual
may revert to non-social predator avoidance behaviors such as crypticity or restricting
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activity to areas within close proximity to refuges.

In either case, the portion of the

activity budget allocated to predator detection is likely to change in response to the
disruption of social units because of the translocation process.
The social systems of colonial species such as prairie dogs are maintained through
a complex series of interactions in which individuals attempt to maximize fitness by
selectively interacting with other individuals (Rayor 1988). The choice of whether to
interact amicably or agonistically depends upon the age and sex classes of the interactants
and their spacial configuration in the colony. For example, a breeding male obviously
would do well to interact agonistically towards potentially competing males. In contrast,
a breeding female could enhance her inclusive fitness by interacting amicably with
females with which she shares a mate and interacting agonistically with females of other
social units (Rayor 1988). In the short term, the frequencies of each type of interaction
would vary considerably.

In the longer term, however, the relative frequencies of

amicable and agonistic interactions would remain fairly stable. The disruption of social
units that occurs when a portion of an existing colony is translocated would produce
changes in these relative frequencies until social units had reformed. That is, the effect
of translocation upon the social behaviors of a colonial species such as a prairie dog
would be reflected in the changes in the frequency of amicable versus agonistic
interactions.
To evaluate the problem of behavioral changes which may affect the survival of
translocated animals, I compared the durations and frequencies of five key elements of
prairie dog activity budgets between resident animals of an unmanipulated control colony
and animals released into three types of translocation treatments. These quantities were
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estimated through focal animal samples (Altmann 1974) in which the beginning and
ending times of each behavior were recorded during 15 minute observation periods on
randomly selected individuals. The data from each sample consisted of the total amount
of time engaged in each activity as well as the number of bouts.

Durations were

expressed as proportions of the focal animal sample while frequencies were simply the
number of bouts of each behavior.
In Chapter 1, the five activity budget categories were quantified for animals
released into a newly selected translocation site and animals released into an existing
translocation site. The purpose was to determine if prairie dog activity budgets were
differentially affected by releasing animals into an area already inhabited by prairie dogs
as opposed to releasing them into an uninhabited area. Secondly, if such differences
existed, I wanted to determine which method of translocation was least likely to produce
behavioral responses detrimental to successful colony establishment.
In the second chapter, the same management treatments were evaluated in terms
of the effect on the social behaviors of both the released animals as well as animals
already present at a release site. Here, the frequencies of five types of interactions for
individual animals under each treatment were compared. The primary objective was to
determine if interactions involving translocated animals differed from those involving
control animals and if so, did they differ as expected given the disruption of social
systems by translocation. A second objective was to determine if the release of animals
into an existing colony affected the social behaviors of resident animals in a way that
could be detrimental to the existing social structure.
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Finally, in chapter three, I evaluated the importance of differences in habitat
between established colonies and translocation sites on the behavioral responses of
translocated prairie dogs. This was done by comparing the components of the activity
budgets mentioned above between the control animals and animals released into a site
which contained pre-existing, natural burrows and a site which contained man-made
burrows.

The first experimental site had previously contained an active prairie dog

colony which was extirpated through illegal shooting. This permitted the release of
animals into naturally created prairie dog burrows. In contrast, the second site lacked
such natural refuges and instead contained artificially created burrows. The purpose of
this experiment was to evaluate the importance of burrows in the activity budgets of
prairie dogs and to determine if differences in the structural and vegetative characteristics
between sites which have and have not been affected by prairie dog activities could
produce the observed behavioral differences.
Although the Utah prairie dog is a convenient species for evaluating these issues,
I hope that some generalizations can be made to other threatened and endangered species
under consideration for translocation. Translocation represents a powerful management
tool for solving some threatened and endangered species issues, yet its full utility cannot
be realized without understanding the full range of factors affecting success of the
translocation effort.
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Chapter 1
THE BEHAVIORAL RESPONSES OF UTAH PRAIRIE DOGS

(CYNOMYS PARVIDENS) TO TRANSLOCATION

Abstract.

Translocation programs are often implemented to restore extirpated

populations to portions of their former range. Ongoing efforts to translocate populations
of the threatened Utah prairie dog ( Cynomys parvidens) are providing little progress
toward the recovery of this species. This may be due, in part, to a limited understanding
of the importance of behavioral constraints to translocations of highly social species such
as prairie dogs.

Focal animal sampling was used to determine the durations and

frequencies of behaviors exhibited by prairie dogs in three translocation treatments:
control, new site, and supplemental site. Hotelling's

r analyses revealed significant

differences in the allocation of behaviors between translocated and resident animals.
Translocated animals consistently spent less time foraging than residents. Differences
in time spent alert and exploring were not consistent between years although animals
released into the new sites tended to spend more time alert than those released into the
supplemental sites or control animals.

Log-linear analyses of behavioral frequencies

showed that translocated animals moved about the colony more frequently than residents.
The frequencies of foraging bouts tended to be lower in translocated animals although
the differences were not consistent between years.

Animals released into the

supplemental site also tended to interact with conspecifics more frequently. Trade-offs
between the amount of time spent foraging, vigilant, exploring the unfamiliar habitat, and
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engaging in the interactions necessary to form social units operate to limit translocation
success through increased predation risk and dispersal tendencies.

INTRODUCTION
A common approach to restoring threatened and endangered species is the
acquisition of suitable habitat for a refuge. Unfortunately, the establishment of a refuge
may be inadequate for a population recovery when the species is restricted to a small
portion of its former range. In these cases it may be necessary to release animals into
this habitat to artificially expand the range to its former size. The most commonly
adopted approaches for expanding a species' range are the translocation of wild animals
and the reintroduction of captive-bred individuals.
An important aspect of captive breeding programs is the identification of potential
behavioral problems associated with the release of naive, captive-reared animals. These
behavioral considerations also apply to the translocation of wild animals (e.g., Wallace
and Temple 1983). In contrast to captive-reared animals, wild individuals develop the
social behaviors characteristic of their species prior to translocation.

Nonetheless,

removing an animal from its original social setting and placing it in an unfamiliar group
of animals often disrupts social behaviors both in the animals being released and the
animals present in the release area (Caldecott and Kavanagh 1988, Mech 1979). Several
translocation programs have demonstrated the importance of preserving or creating social
cohesiveness in groups of released animals (Gogan and Barrett 1988, Mech 1979, but see
Lee and Martin 1988).
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Factors such as the recognition of new predator and forage/prey species, as well
as the location of other resources such as water or refuges, also may require relearning
by translocated animals . A demonstration of the effect of unfamiliarity with the release
area was provided by the translocation of black-tailed deer ( Odocoileus hemionus) in
California. Mortality due to malnutrition, predation, and human-related causes totalled
85 % and was thought to be due to the lack of experience of the translocated animals with
these hazards (O'Bryan and McCullough 1988). Similarly, lack of familiarity with the
release area resulted in no fawn recruitment in pronghorn antelope (Antilocapra

americana) because does could not locate safe fawning areas (Goldsmith 1988).
Although wild animals may be better able to relearn the necessary survival skills than
captive-reared animals, the problems associated with unfamiliarity with the new habitat
can decrease the probability of a successful translocation.
Although the procedures and logistics of translocations have been substantially
improved over early attempts (Griffith et al. 1989), the behavioral responses of most
species to translocation are only superficially understood. Limited knowledge about the
behavioral responses of individuals undergoing translocation is considered a serious
weakness of translocation strategy (Kleiman 1989).

Here I examine the behavioral

responses of the Utah prairie dog ( Cynomysparvidens), listed as a threatened species
under the Endangered Species Act in 1984 (Federal Register 1984), to translocation
efforts designed to establish new or augment existing colonies.
Although many of the behaviors exhibited by Utah prairie dogs have been
described (Elmore et al. 1976, Crocker-Bedford and Spillett 1977, Wright-Smith 1978,
Jacquart et al. 1986), potential linkages between changes in behavior as a consequence
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of translocation and the ultimate success or failure of the translocation have not been
examined. The goal of this study was to compare the frequencies and durations of
foraging and vigilance behaviors, as well as the frequencies of amicable and agonistic
interactions, between individual Utah prairie dogs in transplant and natural settings. This
was accomplished through a comparison of the activity budgets of resident and
translocated animals. Each of five prairie dog colonies received one of three treatments:
(1) the release of prairie dogs into an area which did not contain prairie dogs (typical of
most initial release sites, hereafter a new site); (2) the addition of prairie dogs to an
existing population for the purpose of augmenting the numbers of animals (supplemental
site); and (3) no additional prairie dogs released into the site (control site). Activity
budgets of animals at the control site were compared to animals released into the new and
supplemental sites to evaluate the effects of the two types of translocations. Next, the
behaviors of resident animals present at the supplemental site were compared to control
animals to evaluate the effects of supplemental translocations on the activity budgets of
animals already present at a release site. Last, activity budgets were compared between
animals at new and supplemental sites to evaluate the relative effects of the different
types of translocations on released animals. Behavioral differences were evaluated in
light of multiple tradeoffs between foraging, vigilance, minimizing conspicuousness to
potential predators, and reforming social units subsequent to a translocation.
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METHODS

Study Sites

Two sites, Bald Hills and Upper Dog Valley, were selected as controls. Bald
Hills is located 40 km north of Enoch, Iron County, Utah (T31S RlOW Sec. 32) at an
elevation of 2,000 m. Upper Dog Valley is located 32 km north of Panguitch, Garfield
County, Utah (T31S R5W Sec. 26, 27). Site elevation is approximately 2,300 m. Bald
Hills· was later discarded because of difficulties in standardizing observation techniques
with the other sites. However, preliminary analyses indicated the data did not differ
from that collected at Upper Dog Valley and the data were included in final analyses.
Mackleprang Reservoir, designated the supplemental site, is located 65 km west
of Minersville, Beaver County, Utah (T30S R16W Sec. 20,29).

Site elevation is

1,900 m.
The two new sites were located at Sheep Creek (T30S Rl 7W Sec. 27; elevation
2,000 m), and west of Mackleprang Reservoir (hereafter Mack-B, T30S Rl6W Sec.20;
elevation 2,300 m). Sheep Creek was selected for initial releases of prairie dogs because
a few animals had been previously sighted in the area; however, no established mound
systems existed at the site. A second new site was selected in 1990 (Mack-B) because
the animals translocated into Sheep Creek during 1989 did not establish a resident
population.
All sites were located in sagebrush (Anemisia spp.) associations within the steppe
climatic zone. Mackleprang Reservoir, Mack-B, Sheep Creek, and Bald Hills are within
the basin and range physiographic province (Stokes 1977) and the Great Basin faunal area
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(Greer et al. 1981). The Dog Valley site is in the Colorado plateau physiographic
province (Stokes 1977) and the southern high plateau subcenter of the middle Rocky
Mountain faunal area (Greer et al. 1981).

Trappingand Marking
Prairie dogs were trapped using protocol established by Coffeen and Pederson
(1989). The animals were then transferred to a handling cone and weighed to the nearest
10 g prior to release. Animals weighing

> 500 g were anesthetized with ketamine HCL

administered at 30 mg/kg body weight (Jacquart et al. 1986). Those weighing < 500 g
or which were in poor condition (e.g., sick or injured) were released and not anesthetized
or marked.
After the animal was immobilized, a 2 cm patch of fur on the outside of the right
thigh was shaved and a number tattooed on the skin. For individual identification at a
distance, the same number was dyed on the dorsum using Nyanzol D fur dye. Resident
animals were then returned to the trap and allowed to recover for at least one hour before
being released into the burrow nearest the trapping location.

Animals destined for

translocation were returned to the trap and held in a protected area until the entire group
was transported to the study site.

The number of animals marked was primarily

determined by time constraints involved in transporting and releasing animals by
approximately mid-afternoon. This was to allow the released animals adequate time to
locate shelter before nightfall (Coffeen and Pederson 1989).
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Activity Budgets

Focal animal sampling was used to estimate activity budgets of prairie dogs
(Altmann 1974). A sampling bout consisted of a cluster of one scan sample and three
or four focal animal samples; a sampling period consisted of three or four sampling bouts
spread throughout a day. Each sampling bout began with a scan sample over a specific
portion of the colony (defined as the study ward; see Hoogland 1981b) as delimited by
numbered wooden stakes. Scan sample data were used to estimate the density of animals
above ground and the predominant behaviors exhibited by these animals. Focal animals
were selected by scanning the same portion of the colony in reverse and pausing to
collect a 15-minute focal animal sample on randomly selected animals. Animals were
selected by obtaining a number (n) from a random number table, then counting the
animals sighted during the reverse scan. The nth animal was chosen as the focal animal.
Data derived from the focal animal samples included the frequencies and rates of event
behaviors, and the frequencies, rates, and durations of state behaviors. Event behaviors
were defined as behaviors which occur instantaneously while state behaviors were defined
as those which occurred over a measurable time period (Altmann 1974). Interactions
were classified as amicable, agonistic, approach, subordinance, or greeting.
Analysis of state behaviors. -- Behaviors were grouped into five activity
categories: foraging, alert, moving (movements through the colony not related to
foraging or interactions), inactive, and other (all remaining behaviors recorded during
a focal animal sample). Hotelling's

T2tests (Morrison 1976) were used to compare

behaviors between resident and translocated animals between and within sites. When
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behavioral differences were indicated, Bonferroni joint confidence intervals were
calculated to determine which of the five behaviors differed.

If the number of focal

animal samples from a given treatment was too small to permit statistically sound
comparisons, 95 % Bonferroni confidence intervals were calculated for the larger sample
and binomial probabilities were calculated (Sokal and Rohlf 1981 :70-82) to test whether
the number of individual animals from the small sample whose behavior differed from
the large sample means occurred by chance.
Data from the control site were compared between years to determine if activity
budgets reflected a behaviorally stable colony for comparisons against translocated
animals .

The durations of state behaviors were compared between resident and

translocated animals, between residents at different sites, and between translocated
animals at different sites (Table 1. 1).

Analysis of event behaviors. -- Log-linear modelling (Fienberg 1989) was used to
compare frequencies of event behaviors between and within all sites. Again, behaviors
were grouped into five categories: foraging, alert, moving, inactive, and interactions
(both amicable and agonistic) .

Rarely observed behaviors and vocalizations were

excluded from these analyses. Four variables were included in model building steps:
treatment (T), age (A), sex (S), and behavior (B). Treatment categories were the same
as used in the state behavior analyses (Table 1. 1).

Prairie dogs were placed into

juvenile, subadult, and adult age classes based on reproductive characteristics and
weights.

The best-fit log-linear model was determined using stepwise backward

elimination after first fitting models of uniform order (Goodman 1971) and examining
the marginal and partial associations of all possible log-linear parameters (Brown 1976).

Table 1.1. List of treatment descriptions and rationale.
Treatments

Resident vs. translocated animals:
Control vs. New Site
Control vs. Supplemental Translocations.
Residents compared between sites:
Control vs. Supplemental Residents
Translocated animals compared between sites:
New Site vs. Supplemental Translocation

Rationale
Compares the effects of the two types of translocations, new
site and supplemental, against a control.

Compares the behaviors of resident animals subjected to the
addition of translocated animals to the colony (Suppl.
Residents) to a control site which experiences only natural
immigration.
Compares the
translocations.

relative

effects

of

different

types of

.....

~
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The ratios of the log-linear parameters of the final model to their SE's were computed
to determine differences in the frequencies of the event behaviors as well as the
frequencies of age/sex classes sampled between sites. These ratios were then compared
to the Z-distribution to determine significance. Pairwise Z-values were also calculated

• (Heisey 1985) to detect
from the variance and covariance of the log-linear parameters
differences in the comparisons outlined for the Hotelling's

r analyses (Table 1. 1).

A

critical level of o: =. 05 was used for all analyses.

RESULTS

Residents vs. Translocated Animals

Control 1989 vs. control 1990. -- No between-year differences in state behaviors

were detected ('I'= 10.32, P= .09).
Control vs. new site. -- Overall activity budgets of state behaviors differed

between animals at the control and new sites in 1989 ('I'=22.12, P=.003) and 1990
('I'=62.59, P< .001) (Fig. 1. 1). Control animals spent a higher proportion of time
foraging and less time engaged in activities classified as other (P< .05). In 1989, control
animals spent less time moving (P< .05); in 1990, control animals spent less time alert
(P< .05). There were no significant differences in the proportion of time engaged in

inactive behaviors.
The best-fit model of event behaviors for 1989 included two-way interactions
between the dependent variable (behavior) and treatment and sex, and a three-way
interaction between the independent variables (BT,BX,TAX; G2 =47.44,

df=56,
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P=. 785). Control animals exhibited a significantly greater frequency of foraging bouts

(P< .01) and lower frequency of movement bouts (P< .01) than translocated animals in

1989 (Table 1.2).
In 1990, the best-fit model comparing translocated animals to the control animals
included a three-way interaction between behavior, treatment, and sex variables, a twoway interaction between the dependent and age class variables, and a three-way
interaction

between

the

independent

variables

(BTX,BA, TAX;

G2 =21.54, df =40, P= .993). As in 1989, control animals exhibited significantly fewer
movement bouts than animals released at the new site (P< .01) (Table 1.2).

The

remaining behavioral categories were not significantly different.

Control vs. supplemental translocations. -- Because of inadequate focal animal
sampling of translocated animals at the 1989 supplemental site (n=4), state behaviors of
each translocated animal were compared to 95 % Bonferroni confidence intervals of
resident behavior. Although all four translocated animals spent significantly more time
alert than animals translocated to the supplemental site (P= .012, Fig. 1.2), binomial
probabilities could not rule out the role of chance in the observed differences in the other
behavioral durations (P= .063). In 1990, five of seven translocated animals spent less
time foraging (P= .017).

This was balanced by significantly greater durations of

behaviors in the other category by six of the seven animals (P= .001).
Event behaviors also differed between supplemental and control animals. Animals
released into the 1989 supplemental site performed fewer moving and inactive bouts than
control animals (P< .01, Table 1.2). Similarly, control animals performed significantly

Table 1.2. Pairwise z-scores calculated using the variance and covariance estimates of the log-linear paramete
rs.
Comparison

Foraging

Alert

Moving

Inactive

Interact.

Control vs. New Site
1989
1990

2.785**
1.306

-0.351
-1.028

-2.732**
-3.000**

-0.331
0.646

1.185
-1.123

Control vs. Supplemental
Translocations
1989
1990

0.746
5.525***

0.824
1.947

-3.257**
-2.053*

-2.590**
1.701

1.852
-6.302***

Control vs. Supplemental residents
1989
1990

2.227*
3.476***

-0.100
2.854**

-1.415
-3.151**

-0.690
-1.088

0.745
-0.513

0.170
1.596

-1.840
1.921

-1.513
-0.607

1.840
-3.068**

New
Site
vs.
Translocations
1989
1990

Supplemental
-2.096*
1.977*

*P<0.05; **P<0.01.
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more foraging bouts (P< .001) and fewer moving (P< .05) and interaction bouts
(P< .001) than the animals released into the 1990 supplemental site (Table 1.2).

Residents ComparedBetween Sites
Control vs. supplementalresidents.--State behaviors of the control animals and
the residents of the supplemental site did not differ in 1989 ('I'= 1.00, P= .096) or 1990
(1"=1.71, P=.89, Fig. 1.3).
. The best-fit model in 1989 for event behaviors included two-way interactions
between behavior and the treatment and sex variables, as well as a three-way interaction
between the three independent variables (BT,BX,TAX; G2 =41.68, d.f. =36, P=.237).
The 1989 control animals showed significantly greater frequencies of foraging bouts
(P < .05) while the frequencies of the other behaviors did not differ (Table 1.2).
In 1990, the best-fit model consisted of a two-way interaction between behavior
and treatment, and a three-way interaction between the independent variables (BT,TAX;
G2 =22.04,

d.f. =40, P= .991).

Control animals exhibited significantly greater

frequencies of foraging bouts (P< .001) and alert bouts (P< .01), and lower frequencies
of moving bouts (P< .01) than the residents of the supplemental site (Table 1.2).

TranslocatedAnimals ComparedBetween Sites
New site 1989 vs. new site 1990. -- State behaviors of animals translocated to the
1989 and 1990 new sites did not differ ('I'=9.24, P=.18).

New site vs. supplementaltranslocation.-- Because of small sample sizes, state
behaviors of animals released into the supplemental site during 1989 were compared
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against the 95 % Bonferroni confidence intervals calculated for the animals released into
the new site. All four supplemental animals differed and binomial probabilities indicated
that the lower proportion of time spent alert by the supplemental translocation animals
was not due to chance alone (P= .012). There were no significant differences in any of
the other behavioral categories (Fig. 1.4).
Similarly, the proportions of each activity performed by the translocated animals
of the 1990 new site were compared to the translocated animals of the 1990 supplemental
site. Five of seven animals released into the supplemental site showed lower proportions
of time spent alert and inactive than the animals released into the new site. Again,
binomial probabilities indicated that these differences were not due to chance atone
(P= .017, Fig. 1.4).

A third log-linear model was created to compare event behaviors of translocated
animals released into the new site to those released into the supplemental site. The
best-fit model for 1989 included a two-way interaction between the dependent and
treatment variables and a three-way interaction between the independent variables
(BT,TAX; G2 =26.39, d.f. =40, P=.952).

During this first year, animals released into

the supplemented site performed more foraging bouts than those released into the new
site (P< .05, Table 1.2).
In 1990, the best-fit model included all two-way interactions except one between
the treatment and sex variables (BT,BX,BA,TA,AX; G2 =14.73, d.f. =31, P=.994).
This year, the animals released into the new site showed more frequent foraging bouts
(P< .05) and fewer interaction bouts (P< .01) than animals released into the

supplemented site (Table 1.2).
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DISCUSSION

A difference in the proportion of time spent in any activity may be due to a
change in individual bout duration, bout frequency, or a combination of both.

By

increasing bout length, the amount of time allocated to a behavior is increased without
affecting the observed frequency of the behavior.

In contrast, the amount of time

allocated to a behavior may be kept constant by decreasing bout length while increasing
bout frequency or vice-versa. In this way, an animal may adjust the costs and benefits
of a given behavior to accommodate the risks inherent in a given environment.
Translocated Utah prairie dogs appear to balance the durations and frequen~ies
of several behaviors in response to translocation. Specifically, these changes are related
to multiple tradeoffs between foraging, vigilance, minimizing conspicuousness to
potential predators, and reforming social units.

Foraging and VigilanceRelationships
Translocated animals spent less time foraging than control animals in all but one
comparison. The one exception (1989 supplemental translocations) does not suggest a
departure from this trend as the sample size for translocated animals in that case was
quite small.
Survival from one breeding season to the next depends largely upon the
accumulation of fat reserves for the winter.

Although prairie dogs do not hibernate

continuously during the winter months, winter represents a period of decreased forage
quality and quantity during which prairie dogs decrease their overall activity level and
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rely on these fat reserves. It is the total amount of time allocated to foraging regardless
of the frequency and duration of each bout that may have implications regarding the
accumulation of fat reserves necessary for overwinter survival. If the level of foraging
activity observed among the control animals is necessary for building fat reserves to
survive the winter, then translocated animals may suffer greater over-winter mortality as
a result the lower level of foraging activity over the period between translocation and
winter. Animals translocated later in the active season after accumulating some of the
necessary fat reserves or animals which have been present at the release site long enough
to increase their foraging to pre-release levels would be better able to survive the first
winter after translocation.
Because the behavioral durations are expressed as proportions rather than periods
of time, the lower proportion of foraging behavior observed among the translocated
animals must reflect higher proportions of at least one other behavior. The relationship
between foraging and vigilance or alert behavior has often been described as a trade-off
between food intake and avoiding predation (e.g., Pulliam 1973). Increased vigilance
at the release sites would be due to an increased risk of predation as perceived by the
released animals. Disruption of socially facilitated vigilance, changes in group size, and
unfamiliarity with the release area are all reasons why translocated prairie dogs were
expected to increase individual levels of vigilance (e.g., Caraco 1979a, b, Hoogland
1979).
Translocated

animals did not consistently

change their foraging/vigilance

allocation as predicted. Contrary to expectations, there was not a corresponding increase
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in alert behaviors of translocated animals in terms of the frequency of bouts or the
durations of each bout.
The failure to demonstrate higher durations and frequencies of alert postures does
not necessarily show that translocated prairie dogs do not increase their level of
individual vigilance in response to translocation.

In the absence of socially facilitated

vigilance and cooperative alarm-calling, the upright posture typically associated with
vigilance in prairie dogs may be less adaptive than maintaining a low profile.

Prairie

dogs removed from cooperating family units and placed into an unfamiliar habitat may
have a higher fitness if they forego the risks associated with upright postures and alarm
calls and instead opt to remain as inconspicuous as possible. Additionally, site-specific
differences in vegetative structure may have produced differences in horizontal visibility
that would have affected vigilance behavior differently .

Intra-site Movements
Of the four behavioral categories other than foraging, only the frequency of
movement bouts was consistently greater among the translocated animals relative to
controls. Because movement bouts were typically of very short duration (2-3 seconds),
it was difficult to accurately assess the importance of intra-site movements in the overall
activity budgets.

As a result, differences in the proportion of 15-minute focal animal

samples for moving behavior are spurious (Figs. 1.1 and 1.2) and the effect of changes
in moving behavior probably has little impact on overall activity budgets. The frequency
of movements is more important in terms of a response to translocation.
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In the first one to three days following a release, translocated animals were most
often observed moving throughout the release area in short bursts of running interspersed
with alert or inactive bouts.

Foraging was rarely observed during these initial focal

animal samples, suggesting that acquiring information about the habitat and the level of
predation risk may have been a greater priority to recently released animals than
foraging.

This behavior also may have served to allow the animals to acquire

information relating to the selection of secure burrow sites.

The re-establishment of

territorial boundaries among the animals which remained at the release sites also may
have been a function of these short intra-site movements.
-

In most instances, these short movements caused focal animals to move out of
view of the observation points and eventually from the release area altogether.

Such

dispersal from the release sites was especially common among animals released into the
supplemental sites. Agonistic interactions with the residents of these sites appeared to
initiate movements which continued beyond the distances covered by chases and may
have been the cause for eventual dispersal. In contrast, movements by animals released
into the new sites were rarely associated with interactions and appeared linked to
exploratory behavior associated with an unfamiliar environment.
Moving behavior would affect the survivorship of translocated prairie dogs mostly
by increasing their conspicuousness to potential predators. This could help explain why
individual prairie dogs were not observed to increase their vigilance in terms of bipedal
alert postures.
conspicuousness,

If movements necessary for exploration of the new habitat increase
translocated prairie dogs could compensate by decreasing their
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conspicuousness at other times. One way that this could be accomplished would be by
scanning in a quadrupedal posture rather than bipedally as discussed above.

InteractionFrequencies
The fifth behavioral category used in the duration analyses (other) consisted of
several rarely observed behaviors as well as interactions.

The differences between

translocated and control animals were due to the tendency of translocated animals to
spend considerable amounts of time grooming and digging shallow depressions at the
surface.

These behaviors may have been displacement activities associated with the

stress of translocation.
The frequencies of interactions were not significantly different between the control
and new site treatments. This lack of a difference may be misleading, however, because
the types of interactions at the two treatments may differ in terms of the level of
aggression displayed (Chapter 2).
Interaction frequencies did not differ between control animals and animals
released into the supplemental site during 1989. During 1990, however, supplemental
translocations experienced significantly higher interaction frequencies. As mentioned
above, these results must be interpreted with caution because of the small sample sizes
for the supplemental translocations.

Despite a large number of supplemental

translocations each year, most animals were never sighted above ground after being
released into presumably vacant burrows.

Of the few that were sighted, most were

quickly driven from the colony by the residents. Despite the few focal animal samples

29

which were successfully obtained, it is clear that supplemental translocations experienced
high levels of aggression from the supplemental residents.
Translocated prairie dogs respond to translocation in a more complex way than
can be predicted by any one conceptual model. Although they are removed from social
units and placed into low density populations, prairie dogs are constrained from
increasing their individual alertness (in terms of upright postures) by the need to
minimize their conspicuousness to predators. A conflicting need to obtain information
about the new habitat and the prevailing level of predation risk forces translocated prairie
dogs to move about the release area and subsequently increase their conspicuousness.
These responses represent further trade-offs with the need to maintain a minimum level
of foraging to ensure over-winter survival. The overall response appears to be that
translocated prairie dogs attempt to maximize their short-term probability of survival until
the mechanisms which maximize long-term fitness (e.g., cooperative vigilance and alarmcalling) become possible.

30
Chapter 2
EFFECTS OF TRANSWCATION

ON INTERACTION FREQUENCIES

AMONG UTAH PRAIRIE DOGS (CYNOMYS PARVIDENS)

Abstract.

In a natural prairie dog colony, interactions within a social unit tend

to be amicable while interactions between social units tend to be agonistic. The nasonasal greeting display observed in prairie dogs may be one mechanism by which prairie
dogs determine if another animal belongs to its social unit. Ongoing efforts to translocate
populations of the threatened Utah prairie dog (Cynomysparvidens) generally result in
the disruption of existing social units.

As a result, increases in greeting displays,

dominance/subordinance displays, and amicable or agonistic interactions are expected as
translocated animals attempt to identify members of their social units. Focal animal
sampling was used to determine the frequencies of five interaction types in three
treatments: control, new site, and supplemental site.

Log-linear analyses of the

interaction frequencies did not reveal consistent differences between translocated animals
and control animals. The 1990 data suggested that animals released into supplemental
sites may experience more frequent agonistic interactions than those released into new
sites, however.

The interactions associated with the re-formation of social units and

establishment of territorial boundaries may not occur during the first year after
translocation to a new site. At supplemental sites, agonistic interactions with residents
may limit the success of translocations through increased probability of dispersal of the
released animals. The addition of large groups of animals to supplemental sites does not
appear to upset the existing social structure.

The effects of placing animals into an
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existing colony is more detrimental to translocation success than the effect of disrupting
social units.

INTRODUCTION

The ability of ground-dwelling sciurids to discriminate between related and
unrelated conspecifics may enable individuals to evaluate the evolutionary costs and
benefits of interactions (Michener 1983). The effect of intraspecific interactions on
fitness largely depends upon the ability of an individual to discriminate between animals
with which it should interact aggressively versus those with which it should interact
amicably. In a natural ground squirrel or prairie dog colony, for example, interacti-ons
within a social unit tend to be amicable while interactions between social units tend to
be agonistic (Hoogland 1979, Armitage 1981, Rayor 1988). Greeting behavior, or the
"identification kiss" observed in many social sciurids, may be one mechanism by which
prairie dogs determine if another animal belongs to its social unit (Steiner 1973). The
outcome of this initial investigative interaction will determine the nature of subsequent
interactions.

When social units are disrupted, increases in greeting behavior and

subsequent dominance/subordinance displays and amicable or agonistic interactions are
expected as animals attempt to identify which conspecifics are members of their social
units.
Translocation efforts currently are underway in which threatened Utah prairie
dogs (Cynomysparvidens) are live-trapped in areas where conflicts with other land uses
are occurring and moved to selected sites on public land (hereafter a new site) (Chapter
1). Because prairie dogs are generally reluctant to enter live-traps_, it is highly unlikely
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that entire coteries (i.e., family units) will be captured during one trapping session. As
a result, groups released at a new site consist of animals from a variety of social units
from the source population. Interactions between released individuals therefore are
expected to be primarily agonistic as these animals are without a developed social
structure that minimizes aggression in an established colony.

Increased levels of

dominance/subordinance and greeting displays would also occur as released animals
attempt to identify coterie members and re-establish dominance hierarchies and territorial
boundaries.
In addition to the creation of new colonies, prairie dogs are frequently added to
existing colonies to augment colony numbers (hereafter a supplemental site) (Coffeen and
Pederson 1989, Chapter 1). In a natural system, immigration into an established prairie
dog colony is low, involves small numbers (1-3) of related animals at any one time, and
occurs most frequently in the late spring (Garrett and Franklin 1988). In contrast, a
typical supplemental translocation may involve the addition of a much larger number of
animals (often > 20) and may occur throughout the active season.

The effect of a

supplemental translocation on the frequency of interactions is expected to be
correspondingly higher.

Agonistic interactions between colony members and new

individuals may result in either dispersal from the colony by released or resident animals
or the establishment of new clan territories (Armitage 1962, Bronson 1964, Garrett and
Franklin 1988). The addition of several animals simultaneously may upset the social
structure of the colony to the extent that incorporation of the new animals is less likely.
Because emigration in social sciurids is largely determined by the social behavior
of the animals (Slade and Balph 1974, Rayor 1988), newcomers which have difficulty
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incorporating themselves into the colony social structure must disperse and are essentially
lost from the system (Carl 1971, Slade and Balph 1974, Armitage 1981). Operationally,
this behavior decreases the probability of successfully augmenting existing sites and
exposes dispersing prairie dogs to increased predation risk (Carl 1971, Slade and Balph
1974, Garrett and Franklin 1988).

Again, the level of aggression observed in a

supplemental colony would be greater than in a natural colony. In this case, however,
interactions may be more complex as individuals of some age/sex classes would be more
likely to successfully integrate into established social units than others. For example,
translocated yearling females may be repelled by resident breeding females but accepted
by resident males, and translocated adult males may be able to secure breeding status by
usurping resident males (Armitage 1977). Behaviors such as dominance/subordinance
and greeting displays would occur at a higher frequency as resident animals evaluated
which of the newcomers they should accept and which they should drive away.
The goal of this study was to evaluate the effects of translocation on the sociality
of Utah prairie dogs by comparing the frequencies of social interactions between
translocated prairie dogs and those in a natural setting (i.e ., a control group).
Frequencies of greeting and dominance/subordinance displays and amicable and agonistic
interactions were compared between controls and animals released into new sites to
determine if reformation of social units occurs after release. Similarly, frequencies of
these behaviors between residents and translocated animals at a supplemental site were
compared to control animals to determine if aggression among animals at a supplemental
site is increased by translocation above the level observed at an undisturbed colony.
Finally, interaction frequencies were compared between sex and age classes to determine
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if biases in the age/sex classes of translocated prairie dogs produce differences in social
behavior between translocation and control sites.

METHODS

Study Sites and Design

Two sites, Bald Hills and Upper Dog Valley, were selected as controls. Bald
Hills was located 40 km north of Enoch, Iron County, Utah (T31S RlOW Sec. 32) at an
elevation of 2,000 m.

This site was later discarded because of difficulties in

standardizing observation techniques with the other sites.

The data, were included

because subsequent analyses indicated no difference from data collected at Upper Dog
Valley. Upper Dog Valley was located 32 km north of Panguitch, Garfield County, Utah
(T31S R5W Sec. 26, 27). Site elevation was approximately 2,300 m.
The supplemental site was located near Mackleprang Reservoir, 65 km west of
Minersville, Beaver County, Utah (T30S R16W Sec. 20,29). Site elevation was 1,900
m.

Interaction frequencies of the residents of this site comprised the supplemental

resident treatment while the data from prairie dogs captured elsewhere and released at
this site constituted the supplemental translocation treatment.
The two new sites were located at Sheep Creek (T30S Rl 7W Sec. 27; elevation
2,000 m), and west of Mackleprang Reservoir (hereafter Mack-B, T30S R16W Sec.20;
elevation 2,300 m). Sheep Creek was selected for release of prairie dogs because a few
animals had been previously sighted in the area.

However, no established mound

systems existed. During the 1990 field season, a second new site was selected (Mack-B)
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because the animals translocated into Sheep Creek during 1989 did not establish a
resident population. The data obtained at these sites comprised the new site treatments.
Comparisons were made between the control and new site, supplemental translocation
and supplemental resident treatments, and between translocated animals of the new site
and supplemental translocation treatments. Because logistical constraints required a shift
to a different site in the second year of the study, and concern that environmental factors
unique to each site would confound results, data for each year were analyzed separately.
Complete site descriptions are found in Chapter 1.

Trapping and Marking
Prairie dogs were trapped using protocols established by Coffeen and Pederson
(1989). The animals were then transferred to a handling cone and weighed to the nearest
10 g prior to release.

Animals > 500 g were anesthetized with ketamine HCL

administered at 30 mg/kg body weight (Jacquart et al. 1986). Those weighing

< 500

g or which were in poor condition were released and not anesthetized or marked.
After the animal was immobilized, a 2 cm patch of fur on the outside of the right
thigh was shaved and a number tattooed on the skin. For individual identification at a
distance, the same number was dyed on the dorsum using Nyanzol D fur dye. Resident
animals were then returned to the trap and allowed to recover for at least one hour before
being released into the burrow nearest the trapping location.

Animals destined for

translocation were returned to the trap and held in a protected area until the entire group
was transported to the study site.

The number of animals marked was primarily

determined by time restraints involved in transporting and releasing animals by
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approximately mid-afternoon. This was to allow the released animals adequate time to
locate shelter before nightfall (Coffeen and Pederson 1989).

InteractionSampling
Frequencies of intraspecific interactions were determined from focal animal
samples (Altmann 1974) of dye-marked prairie dogs selected at random (Chapter 1).
Interactions were classified into five types (Wright-Smith 1978): (1) threat displays; (2)
submissive

displays;

(3) greeting displays or naso ..nasal contacts;

interactions; and (5) agonistic interactions.

(4) amicable

Log-linear modelling was used to compare

between treatments (Fienberg 1989). Best-fit models were determined using stepwise
backward elimination after first fitting models of uniform order (Goodman 1971) and
examining the marginal and partial associations of all possible log-linear parameters
(Brown 1976). Four variables were included in model building: interaction (I); treatment
(T); age (A); and sex (S). Three log-linear models were considered: control vs. new site

and supplemental translocation treatments; control vs. supplemental resident treatment;
and new site vs. supplemental translocation treatment.

The ratios of the log-linear

parameters of the final models to their standard errors were computed to determine
differences in the frequencies of the event behaviors as well as the frequencies of age/sex
classes sampled between sites. These ratios were then compared to the Z-distribution to
determine significance.

Pairwise Z-values were also calculated from the variance and

covariance of the log-linear parameters (Heisey 1985) to detect differences between
treatments when more than two treatments were included in the model. A critical level
of ex = .05 was used for all analyses.
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RESULTS

Residents vs. Translocated Animals

The best-fit model for 1989 comparing translocated to control animals included
two-way interactions between the behavioral and treatment variables, the behavioral and
age class variables, and a three-way interaction among the independent variables
(IT,IA,TAX; G2 =33.64, df=65, P=.999).

Frequencies of interactions between the

behavioral and treatment variables were not significantly different (Fig. 2.1).

The

significant differences do exist among age classes across treatments with respect to
interaction types, with juveniles exhibiting fewer greeting displays (Table 2.1) and more
amicable interactions (Table 2.2) relative to the subadult and adult age classes.
Analogous ratios for the interaction between the treatment and age class variables did not
show differences in the frequency of juveniles sampled between treatments.
The most parsimonious model for 1990 included two-way interactions between
behavior and treatment, age class, and sex, and a three-way interaction among the
independent variables (IT,IA,IX,TAX; G2 =64.32, df=60, P=.328).

Control animals

showed a higher frequency of amicable interactions relative to translocated animals.
Animals released into the supplemental site showed higher frequencies of submissive
displays and agonistic interactions and lower frequencies of amicable interactions than
controls.

None of the interaction types were significantly different for the animals

translocated to the new site (Fig. 2.2).
Subadults were more submissive (Table 2.3) and exhibited fewer greeting displays
(Table 2.4) relative to juveniles and adults.

Adults exhibited more greeting displays
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Fig. 2.1. Estimatesof the 1989 log-linearparametersfor the interactionterm
between the interactioncategoriesand treatments.

Table 2.1. Estimates of the log-linear parameters (>..)
, variance, and covariance for the comparisons of the frequencies of greeting
displays observed in 1989 among age classes over the control, new site, and supplemental translocation treatments.
Juvenile

Subadult

Adult

-1.053*
0.218
--

-1.053
0.218
-0.136

-1.053
0.218
-0.081

0.774
0.170
--

0.774
0.170
-0.034

Juvenile

>..
variance
covariance
Subadult

>..
variance
covariance
Adult

>..
variance
covanance

0.279
0.115

*P< .05; **P< .01; ***P< .001.

v.)

IO

Table 2.2. Estimates of the log-linear parameters (A), variance, and covariance for the comparisons of the frequencies of amicable
interactions observed in 1989 among age classes over the control, new site, and supplemental translocation treatments.
Juvenile

Subadult

Adult

1.849**
0.330
--

1.849
0.330
-0.331

1.849
0.330
0.001

-0.924
0.660
--

-0.924
0.660
-0.330

Juvenile
>-.
variance
covanance

Subadult
>-.
variance
covariance

Adult

A
vanance
covariance

-0.926
0.329

*P< .05; **P< .01; ***P< .001.

~

0

41
3

Cf)

-3

Control

L
Q)
-+-J

Q)

E

3

0

L

0
o_

0

L

0
Q)

-3

New Site

C

CT)

3

0
_J

•

*
-3

Supplemental
THREAT

Translocations

SUBMISSIVE

GREETING

AMICABLE

AGONISTIC

Fig. 2.2. Estimates of the 1990 log-linear parameters for the interaction term
between the interaction categories and treatments. *=P< .05.

Table 2.3. Estimates of the log-linear parameters (>-.),variance, and covariance for the comparisons of the frequencies of
submissive displays observed in 1990 among age classes over the control, new site, and supplemental translocation
treatments.

Juvenile

Subadult

Adult

-0.061
1.668
--

-0.061
1.668
-0.815

-0.061
1.668
-0.853

Juvenile
~

variance
covariance
Subadult

>-.
variance
covariance
Adult

>-.
vanance
covanance

1.860**
0.492
--

1.860
0.492
0.323
-1.780*
0.529

*P< .05; **P< .01; ***P< .001.

~

N

Table 2.4. Estimates of the log-linear parameters (A), variance, and covariance for the comparisons of the frequencies
of
greeting displays observed in 1990 among age classes over the control, new site, and supplemental translocation treatments.
Juvenile

Subadult

Adult

0.649
0.389
--

0.649
0.389
-0.254

0.649
0.389
-0.135

-1.774***
0.281
--

-1.774
0.281
-0.027

Juvenile
A
variance
covariance
Subadult
A
variance
covanance
Adult
A
vanance
covariance

1.124**
0.162

*P< .05; **P< .01; ***P< .001.

~

w
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relative to juveniles and subadults (Table 2.4). Males performed more threat displays
and fewer submissive displays than females (P< .001 for both comparisons).

Control vs. new site. -- Frequencies of interaction types did not differ between
control and translocated animals in 1989 or 1990 (Table 2.5).

Control vs. supplemental site. -- Frequencies of interaction types did not differ
between control animals and supplemental translocations in 1989. Animals released into
the supplemental site in 1990 exhibited more threat and submissive displays and were
involved in more agonistic interactions and fewer amicable interactions than control
animals (Table 2.5).

Residents Compared Between Sites

Control vs. supplemental sites. -- The best-fit model comparing control to
supplemental residents in 1989 included a two-way interaction between the behavioral and
treatment variables and terms for the sex and age class variables (IT,X,A; G2 =56.86,
df = 57, P=. 480).

Frequencies of interaction types did not differ between control

animals and supplemental residents (Table 2.5).
The most model for 1990 included a two-way interaction between the behavioral
and treatment variables and a three-way interaction between the independent variables
(IT,TAX; G2 =22.93, df=50, P=.999).

Supplemental residents exhibited a higher

frequency of submissive displays (P< .05) while the other interaction types were not
significantly different (Table 2.5).

Table 2.5. Pairwise z-scores calculated from the log-linear parameters describing the relationship between interaction frequencies
and management treatments.

Comparison

Threat

Submit

Greeting

Amicable

Agonistic

Control vs. New Site
1989
1990

0.352
-0.690

0.580
0.389

0.160
-0.031

- 1.302
-0.181

-1.450
0.293

Control vs. Supplemental
Translocations
1989
1990

-0.662
-2.263*

-0.112
-1.975*

1.334
-1.928

0.666
3.328**

Control vs. Supplemental Residents
1989
1990

-0.800
-0.543

0.117
-2.015*

0.144
1.630

0.640
1.709

0.601
-0.688

New Site vs. Supplemental
Translocations
1989
1990

-1.004
0.154

-0.622
-0.880

1.185
-1.324

1.388
1.420

0.481
-2.098*

*P< .05; **P< .01; ***P< .001.

-0.160
-4.707***

...

VI
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TranslocatedAnimals Between Sites
New sites vs. supplementalsites. -- The model comparing the translocated animals
between the two types of translocation treatments for 1989 included two two-way
interactions between the behavioral variable and the treatment and age class variables and
two additional two-way interactions between the sex variable and the treatment and age
class variables (IT,IA,TX,AX; G2 =15.67, df=44, P=l.000).

None of the behavioral

frequencies differed between treatments (fable 2.5). Over both treatments, translocated
juveniles showed a higher frequency of amicable interactions relative to the subadult and
adult age classes (fable 2.6) while adults showed higher frequencies of agonistic
interactions (fable 2. 7). There were no differences between sexes and interaction types.
The 1990 model included three two-way interactions between the behavioral
variable and the treatment, sex, and age class variables as well as a three-way interaction
between the independent variables (IT,IX,IA,TAX;

G2 =19.85, df =35, P= .912).

Animals released into the supplemental site were involved in more agonistic interactions
than those released into the new site (fable 2.5).

As above, males showed higher

frequencies of threat displays (P< .01) while females showed higher frequencies of
submissive displays (P< .01) over both treatments. Subadults showed higher frequencies
of submissive displays (fable 2.8) and lower frequencies of greeting displays (fable 2.9)
relative to the other two age classes.
displays (fable 2.9).

Adults showed higher frequencies of greeting

Table 2.6. Estimates of the log-linear parameters (A), variance, and covariance for the comparis
ons of the frequencies of
amicable interactions observed in 1989 among age classes over the new site and supplemental translocat
ion treatments.
Juvenile

Subadult

Adult

2.065
0.495
-0.501

2.065
0.495
0.006

-1.147
0.964
--

-1.147
0.964
-0.463

Juvenile

A
variance
covanance
Subadult

A
variance
covariance
Adult

A
vanance
covariance

2.065**
0.495

--

-0.918
0.457

*P< .05; **P< .01; ***P< .001.

~

-..l

Table 2.7. Estimates of the log-linear parameters (A), variance, and covariance for the comparisons of the frequencies
of
agonistic interactions observed in 1989 among age classes over the new site and supplemental translocation treatments.
Juvenile

Subadult

Adult

-0.499
1.160
--

-0.499
1.160
-0.873

-0.499
1.160
-0.288

-0.926
1.108
--

-0.926
1.108
-0.235

Juvenile
}..

variance
covariance
Subadult

>.
variance
covariance
Adult

>.
variance
covariance

1.425*
0.523

*P< .05; **P< .01; ***P< .001.

~

00

Table 2.8. Estimates of the log-linear parameters (A), variance, and covariance for the comparis
ons of the frequencies of
submissive displays observed in 1990 among age classes over the new site and supplemental translocat
ion treatments .
Juvenile

Subadult

Adult

-0.704
2 .457
--

-0.704
2.457
-1.138

-0.704
2.457
-1.319

1.773*
0.719
--

1.773
0.719
0.419

Juvenile

>..
variance
covariance
Subadult

A
variance
covariance
Adult

A
vanance
covariance

-1.069
0.900

*P< .05; **P< .01; ***P< .001.

~

\0

Table 2.9. Estimates of the log-linear parameters (X.),variance, and covariance for the comparisons of the frequencies
of
greeting displays observed in 1990 among age classes over the new site and supplemental translocation treatments.
Juvenile

Subadult

Adult

1.492
0.873
--

1.492
0.873
-0.753

1.492
0.873
-0.120

-3.255**
1.111
--

-3.255
1.111
-0.357

Juvenile
)..

variance
covariance
Subadult

X.
variance
covariance
Adult

X.
variance
covariance

1.763*
0.477

*P< .05; **P< .01; ***P< .001.

VI
0
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DISCUSSION

Contrary to expectations, there were no differences in overall interaction
frequencies between the control and new site treatments. One possible explanation is that
the interactions associated with the re-formation of social units and establishment of
territorial boundaries do not occur during the first year after translocation.

Instead,

released animals may have behaved independently of social constraints and allocated
greater effort to establishing suitable burrows and exploring the new habitat. This is
primarily speculation with regard to the 1989 new site as none of the released animals
were located within 0.5 km of the site at the end of the season. Predation is stro~gly
suspected as the explanation as badgers (Taxidea taxus), coyotes (Canis latrans), golden
eagles (Aquila chrysaetos), and red-tailed hawks (Buteo jamaicensis) were sighted near
the release area during nearly every observation period. At the 1990 new site, however,
marked prairie dogs were known to have established burrows within 0.5 km of the
release site. Despite having released 50 animals at this site, only one or two animals
occupied each of these burrows. This suggests that social units did not reform during
the initial months following release despite the repeated addition of more animals. This
may have implications for the success of newly established release sites through the
effects on survivorship in the absence of socially facilitated vigilance (Chapter 1).
Differences in interaction frequencies between the control and supplemental
translocation treatments were not consistent between years.

This may be attributed

primarily to small sample sizes and the resulting difficulty in obtaining adequate samples
on released animals. During 1989, only four focal animal samples were obtained because
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the majority of the released animals were never sighted after being released into
presumably vacant burrows.

Of the animals which were sighted, most were quickly

driven from the colony by residents. Although this provides some evidence that agonistic
encounters with residents is an important constraint to supplementing existing colonies,
these limited sightings provided no quantifiable data.

In 1990, seven focal animal

samples were obtained and, as predicted, the translocated animals exhibited more threat
and submissive displays and were involved in more agonistic interactions than control
anim~s.

In addition, animals released into the supplemental site during 1990 were

involved in more agonistic interactions than animals translocated to the new site.
Although these results should be viewed with caution because of the limited sample size,
they support qualitative observations that interactions with residents limit the success of
supplemental translocations through increased probability of dispersal of the released
animals.
Control animals and residents of the supplemental site did not differ with regard
to overall interaction frequencies (Chapter 1) or individual interaction categories
(Table 2.5). The one exception is that supplemental residents showed more submissive
displays than control animals during 1990. In general, however, the control animals did
not differ from the supplemental residents with respect to interaction frequencies. This
suggests that the addition of large groups of animals does not upset the existing social
structure as previously believed.
In all comparisons, an important reason for the deviations from expected results
may have been differences in the frequency of age and sex classes sampled. Present
translocation protocol dictates that pregnant females and juveniles weighing

< 500 g are
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not translocated (Coffeen and Pederson 1989). As a result, more adult males and nonreproductive (i.e., subadult) females would be released into a translocation site over an
entire season (mid-March through August). Analyses of the sampling frequencies of age
and sex classes show that this was the case for adult males at the new site as well as for
adult females resident at the supplemental site.

These results do not support this

possibility for subadult females or for animals translocated to the supplemental site. The
log-linear models which included an interaction term between the behavioral variable and
age or sex classes indicate that adults tended to be more dominant (i.e., showed more
threat and greeting displays and fewer submissive displays) while subadults were more
often submissive and were less often involved in greeting displays.

Similarly, males

tended to assume the dominant role in threat/submissive interactions more often than
females. From these results, one would expect differences based on age/sex classes
alone; the aggressive, dominant behavior of the adult males would not be balanced by
the more submissive behavior of the less frequently sampled subadult females. If this
is true, then deviation from expected results can be partially explained by age and/or sex
effects masking differences between treatments.
In conclusion, the effects of translocation of unrelated groups of prairie dogs into
unfamiliar habitat does not affect intraspecific interactions as would be predicted by their
natural social behavior alone. Although disruption of social units clearly affects these
interactions, behavioral constraints associated with exploratory behavior, the lack of
socially facilitated vigilance, and importance of adequate refugia (i.e., burrows) appears
to override tendencies to form new social units. This is intuitively clear if one considers
the different effects on fitness of individual behaviors versus social behaviors. Locating
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safe burrow sites and avoiding conspicuous behaviors such as intraspecific interactions
both reflect the importance of minimizing conspicuousness to predators in the absence
of socially facilitated vigilance.

Survival under these conditions is a much more

immediate fitness consideration than maximizing reproductive output through social
behaviors. Indeed, these results provide circumstantial evidence for the hypothesis of kin
selection for ground squirrel sociality. The types of social behaviors associated with
cooperative vigilance, predator detection, and alarm calling may be more important with
regard to the survival of young than to the survival of individual adults. In contrast, the
behaviors which differed between resident and translocated prairie dogs are oriented more
towards individual survival than maximizing the probability of survival of the young
(Chapter 1).
From a management standpoint, it is more important to consider the effect of
placing animals into an existing colony than the effect of disrupting social units.
Although the effect upon residents of supplemental colonies appears minimal, the effect
upon the animals released there is obviously negative. The lack of data for supplemental
translocations itself illustrates the high rate of dispersal of these animals. The limited
data which were obtained also substantiate this conclusion. At new sites, the importance
of providing adequate refugia and predator control appears to outweigh any negative
effects of translocating groups of unrelated animals.
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Chapter 3
TIIE IMPORTANCE OF SITE PREPARATION IN THE TRANSLOCATION
OF A THREATENED SPECIES, THE UTAH PRAIRIE DOG

Abstract. The importance of well-developed burrow systems to the behavioral

ecology and successful translocation of Utah prairie dogs (Cynomys parvidens) was
studied in Iron and Garfield counties in southwestern Utah. Focal animal sampling was
used to estimate the durations and frequencies of behaviors exhibited by prairie dogs
released into three translocation treatments: control, new site, and new population. The
new population treatment involved releasing prairie dogs into an area which contained
natural burrows constructed by a previously extirpated population. In contrast, the new
site treatment contained only artificially created holes. Hotelling's

r analyses revealed

significant differences in the allocation of behaviors between control animals and those
released into the new site. Translocated animals at the latter treatment consistently spent
less time foraging than residents. Differences in time spent alert and moving about the
release area were not consistent between years. Behavioral allocations did not differ
between the control animals and those released into the new population.

The most

important factor influencing the behavior of translocated prairie dogs appeared to be the
availability of burrows. Although the artificial burrows created prior to release into the
new sites afforded some degree of refuge, prairie dogs did not use them as centers of
activity as they did with natural burrows. The effects of placing prairie dogs into an
environment that has not been altered through prairie dog activities such as mound-
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building and foraging appear more important to translocation success than the disruption
of social units.

INTRODUCTION
The importance of burrows as refuges from predation and climate is generally
accepted for ground-dwelling sciurids. For example, the proximity of burrows has been
shown to influence the relative allocations of time to foraging and vigilance in yellowbellied marmots (Marmotaflaviventris)(Carey 1983) although factors such as vegetation
characteristics and the sex/age class of the animal can obscure this relationship.
Foraging activities of black-tailed prairie dogs (Cynomysludovicianus)also tend to center
around burrow entrances, although selection of specific foraging habitats with respect to
burrow location is poorly understood (Hoogland 1981b). Clearly, the availability of
burrows affects the activity budgets of ground-dwelling sciurids, but it has generally been
difficult to separate the effects of burrows from other habitat characteristics or the social
behaviors of specific age and sex classes.

In the absence of burrows, the relative

allocation of time to vigilance is expected to increase and other activities such as foraging
decrease.
Both the defense of burrows from non-members of a coterie and the sharing of
burrows among coterie members are important aspects of prairie dog sociality (Rayor
1988). Territorial interactions are centered around burrows in both Utah prairie dogs,
C. parvidens (Wright-Smith 1978) and Gunnison's prairie dog, C. gunnisoni (Fitzgerald

and Lechleitner 1974). Defense of burrows and the use of a specific burrow system by
one coterie over several generations are related to the investment that burrow
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development represents (Hoogland 1981a) particularly since an extensive burrow system
can require two or more years to develop (Jacquart et al. 1986). This investment and
the need to protect it may form a central aspect of prairie dog sociality that may break
down in the absence or destruction of burrows.
The Utah prairie dog was initially listed as an endangered species in 1973 (U.S.
Bureau of Sport Fisheries and Wildlife 1973) then relisted as threatened in 1984 (Federal
Register 1984). In partial fulfillment of the recovery plan for this species (U.S. Fish and
Wildlife Service 1991), the Utah Division of Wildlife Resources (UDWR) implemented
a translocation program in 1972 in which prairie dogs causing agricultural damage are
live-trapped and moved to sites on public land. Current protocol for translocating Utah
prairie dogs into new areas has developed from simply releasing animals into suitable
habitat to a labor intensive procedure that prepares a site prior to release (Coffeen and
Pederson 1989).

In the latter case, an area is chosen in which the vegetation is

dominated by grasses and forbs. In some cases, vegetation may be mowed and/or burned
to set back succession to a grass/forb stage which provides more suitable forage for
prairie dogs. Pre-release preparations include augering paired holes approximately 2 m
into the ground at a slight angle facing away from the sun. Wire release baskets (see
Jacquart et al. 1986) are then placed over each pair of holes and buried around the
periphery to prevent the prairie dogs from simply digging out. This procedure reportedly
improves the success of the translocation by forcing the animals to remain in the area
long enough to habituate to their new surroundings (Jacquart et al. 1986).
Despite these improvements, the successful establishment of a new translocation
site often requires numerous releases of many animals that remain at the site only a short

58
time. Jacquart et al. (1986) found that after five releases of 38 (total) prairie dogs
equipped with radio-transmitters, only 10% to 17% of the animals remained at the
release sites and survived until hibernation. Higher success was obtained when prairie
dogs were released into burrows constructed by previously released animals. Apparently,
released prairie dogs will invade previously established burrows much more readily than
artificially created holes.
The effects of translocation on the behavior of prairie dogs and ultimate!y the
success of the translocation effort are related to the breakup of family units during the
live-trapping process (Chapter 1) and the release of animals into unfamiliar habitat. The
effects of habitat can be further divided into the effects of vegetation differences and
those of burrow availability. I evaluated the effects of natural and artificial burrows by
translocating prairie dogs into a site containing an extensive burrow system created by
a previous population and into a newly prepared site containing artificial burrows.
Behaviors of animals in both treatments were compared against an unmanipulated control
site to determine whether behaviors differed as a function of the different site
preparations. Specifically, the durations and frequencies of five behavioral measurements
were compared between these two types of translocations and the control site to
determine which changes in activity budgets may be due to the lack of burrows at a
typical release site and which are due to the translocation itself. Additionally, vegetation
at both treatments and the control site was also evaluated to determine if vegetation
structure at the colonies affected behavioral patterns.
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METHODS

Study Sites

The two new translocation sites were located in Sheep Creek (T30S Rl 7W Sec.
27; elevation 2,000 m), and west of Mackleprang Reservoir (T30S R16W Sec.20;
elevation 2,300 m). No burrow system existed at either site, and both received extensive
site preparation prior to the release of translocated prairie dogs.

Lower Dog Valley

(T31S R5W Sec. 28,33; elevation 2,300 m) contained established burrows constructed
by a previously extirpated population. Prairie dogs were released into the burrows at this
site according to established live-trapping and translocation protocol. Two sites initially
were selected as controls. The Bald Hills site (T31S RlOW Sec. 32; elevation 2,000 m)
was later discarded because of difficulties involved with observing behavior in the same
way as at the other sites. Upper Dog Valley (T31S R5W Sec. 26, 27; elevation 2,300
m) was sampled throughout the study. Detailed descriptions of ea.ch site are found in
Chapter 1.
The colony at each site was under one of three management treatments: (1) prairie
dogs released into an area which did not contain any prairie dogs as of the spring of 1989
and for which artificial burrows were created (hereafter a new site); (2) prairie dogs
released into a site which had contained a population that had been extirpated at least one
year prior to this study and contained natural burrow systems (hereafter a new
population); and (3) no additional prairie dogs released into the site (i.e., a control).
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Trappingand Marking
Prairie dogs were trapped using protocols established by Coffeen and Pederson
(1989). The animals were then transferred to a handling cone and weighed to the nearest
10 g prior to release. Animals weighing > 500 g were anesthetized with ketamine HCL
administered at 30 mg/kg body weight (Jacquart et al. 1986). Those

< 500 g or which

were in poor condition (e.g., sick or injured) were released and not anesthetized or
marked.
After the animal was immobilized, a 2 cm patch of fur on the outside of the right
thigh was shaved and a number tattooed on the skin. For individual identification at a
distance, the same number was dyed on the dorsum using Nyanzol D fur dye. Control
animals were then returned to the trap and allowed to recover for at least one hour before
being released into the burrow nearest the trapping location . Animals destined for
translocation were returned to the trap and held in a protected area until the entire group
was transported to the study site.

The number of animals marked was primarily

determined by time restraints involved in transporting and releasing animals by
approximately mid-afternoon. This was to allow the released animals adequate time to
locate shelter before nightfall (Coffeen and Pederson 1989).

Behavioral Sampling
Activity budgets were determined at all sites using focal animal sampling
(Altmann 1974). Focal animals were selected by scanning the colony and pausing to
collect a 15-minute focal animal sample on randomly selected animals. Animals were
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selected by obtaining a number (n) from a random number table, then counting the
animals sighted during the scan. The nth animal was chosen as the focal animal. Data
derived from the focal animal samples included the frequencies of event behaviors, and
the frequencies and durations of state behaviors.

Event behaviors were defined as

behaviors which occur instantaneously while state behaviors were defined as those which
occur over a measurable time period (Altmann 1974).

Analysis of state behaviors. -- Behaviors were grouped into five activity categories
for analysis: foraging, alert, moving (movements through the colony not related to
foraging or interactions), inactive, and other (all remaining behaviors recorded during
a focal animal sample). Hotelling's ~ tests (Morrison 1976) were used to compare
behaviors between resident and translocated animals between and within sites. When
behavioral differences were indicated 1 95 % Bonferroni joint confidence intervals were
calculated to determine which of the five behaviors differed.

Analysis of event behaviors -- Log-linear modelling (Fienberg 1989) was used to
simultaneously compare the frequencies of event behaviors between and within sites.
Again, behaviors were grouped into five categories: foraging, alert, moving, inactive,
and interactions. Four variables were included in the model building steps: treatment
(T), behavior (B), age (A), and sex (S). Prairie dogs were placed into juvenile, subadult,

and adult age classes based on reproductive characteristics and weights. The best-fit
log-linear model was determined using stepwise backward elimination after first fitting
models of uniform order (Goodman 1971) and examining the marginal and partial
associations of all possible log-linear parameters (Brown 1976). The ratios of the loglinear parameters of the final model to their SE' s were computed to determine differences
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in the frequencies of the event behaviors as well as the frequencies of age/sex classes
sampled between sites.

These ratios were then compared to the Z-distribution to

determine significance. Pairwise Z-values were also calculated from the variance and
covariance of the log-linear parameters (Heisey 1985) to detect differences in the
pairwise comparisons between the three treatments. A critical level of

ex

= .05 was used

for all analyses.

VegetationAnalysis
Visibility for predator detection and vegetation height were measured by selecting
burrows within 1 m of randomly placed 25 m transects then positioning a cover board
at random directions 20 m from each burrow entrance. The proportion of the cover
board visible when viewed from the burrow at an observer height of 20 cm and the
vegetation height (to the nearest cm) in front of the cover board were recorded.
Vegetation height and cover board measurements were compared between sites
using multivariate analysis of variance (Hand and Taylor 1987).
differences were indicated, Hotelling's

When overall

r tests were performed to determine which of the

experimental treatments differed from the control. Simultaneous confidence intervals
were calculated to determine which variable produced differences in the pairwise
comparisons.
Percent cover of forbs, grasses, and shrubs was estimated using step point
sampling (Bonham 1989) along randomly placed transects. Vegetation was sampled in
the spring and in the late summer using the same transects. Multivariate analysis of
variance was used to compare vegetative cover among sites. Pairwise comparisons were
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Jerformed using Hotelling' s

r tests and simultaneous confidence intervals as described

1bove.

RESULTS

Activity Budgets

State behaviors. -- Overall activity budgets differed between the control and new
~ite (i.e., artificial burrow) treatment during 1989 ('I'=22.12, P=.003, Fig. 3.1) and

~990 (r=62.59,

P< .001, Fig. 3.1). In 1989, control animals spent a higher proportion

of time foraging than the translocated animals (P< .05). In addition, control animals
spent less time moving and engaged in other activities (P< .05). Differences in alert and
inactive behaviors were not significant in the 1989 comparison. In 1990, control animals
spent more time foraging and less time alert and performing other activities than the new
site animals (P< .05). Proportions of moving and inactive behaviors did not differ.
Overall activity budgets did not differ between the control animals and the animals
released into the new population

(i.e.,

natural

burrows)

treatment

(1'1=10.51, P=.08, Fig. 3.2) or in the year following their release (r=5.33,

in 1989

P=.41,

Fig. 3.2). Thus, the behavior of animals released into sites containing natural burrows
did not differ from the behaviors of control site animals while those animals released into
artificial burrows differed.
Event behaviors. -- The best-fit model for 1989 included three-way interactions
between the behavioral, treatment, and age class variables; the behavioral, age class and
sex variables; and the three independent variables (BTA,BAX,TAX; G2 =6.95, df =24,
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P= .999). Pairwise Z-scores indicated that animals released into the new 'site performed
more foraging bouts relative to the control animals (Table 3.1). Animals released into
the new population treatment did not differ from control animals.
The 1990 model included three-way interactions between the behavioral,
treatment, and sex variables, and between the three independent variables as well as a
two-way interaction between the behavioral and age class variables (BTX, TAX,BA;
G2 =25.48, df =56, P= .999). Animals released into the new site treatment performed
more moving and fewer inactive bouts than control animals (Table 3.1).

Similarly,

animals released into the new population treatment also performed more moving bouts
than control animals (Table 3.1).

Habitat Characteristics
Vegetationheight and visibility. -- Multivariate analysis of variance indicated that
at least one of the three treatments differed from the others with respect to vegetation
height and/or visibility (MANOVA, U=.798, P=.010, Fig. 3.3). The 1989 new site
differed from the control site (r=13.21,

P=.021).

P=.004) as did the 1990 new site ('.P=8.914,

None of the simultaneous confidence intervals were significant, however.

The new population site did not differ from the control site (r=l.63,

P=.46).

Percent vegetative cover. -- Spring vegetative cover measurements differed in at
least two of the treatments (MANOVA, U=.170, P<.001, Fig. 3.4). The 1989 new
site differed from the control site with respect to all three cover measurements during
spring sampling (r= 103.19, P< .001). Simultaneous confidence intervals showed that
forb cover was significantly less at the new site while grass and shrub cover were greater

Table 3.1. Pairwise z-scores calculated using the variance and covariance estimates of the log-linear parameters.
Comparison

Foraging

Alert

Moving

Inactive

Interact.

Control vs. New Population
1989
1990

-0.430
0.657

1.004

-0.303

-0.134
-2.268*

-0.354
-0.515

-0.S27
1.497

Control vs. New Site
1989
1990

2.279*
0.466

0.765
-1.642

-1.('1)7
-3.061 **

-1.337
1.961 *

0.421
-1.254

*P< .05; **P< .01.
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relative to the control (P< .05). Similarly, the new population site differed from the
control site with respect to one of the measurements ('I'=75.07, P< .001). Simultaneous
confidence intervals showed that shrub cover was significantly greater at the new
population treatment (P < .05) while the percent cover of forbs and grasses did not differ.
Analysis of the summer samples of vegetative cover showed a significant
difference among the treatments (MANOVA, U= .165, P< .001, Fig. 3.5). The 1989
new site differed from the control site with respect to one of the three measurements
('.P=21.12, P=.002).

Simultaneous confidence intervals showed that grass cover was

less at the new site relative to the control site (P< .05). The 1990 new site also differed
from the control site (:I'= 134.78, P < .001).

As above, simultaneous confidence

intervals indicated that grass cover was less at this new site relative to the control site
(P< .05).
Finally , the new population site differed from the control site (:I'= 16.74,
P= .006), having greater shrub cover relative to the control site.

DISCUSSION

Levels of Colony Development

The two types of release sites (i.e., natural and artificial burrows) together with
the control site illustrate two types of organization with respect to the degree to which
prairie dogs can be integrated into the environment as well as their own population. The
construction of burrow systems and associated mounds are one way prairie dogs modify
their habitat to improve their survivorship, while social systems observed within a colony
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reflect how prairie dogs coordinate their behavior to enhance survival. The release of
prairie dogs into habitat lacking burrows therefore affects the interactions between the
animals and their environment as well as among animals.
The comparison between the control animals and those released into the new site
illustrates the behavioral differences between two extremes of colony organization. The
control animals reflected the highest level of organization because they were segregated
into reproductive family units of mixed age and sex classes that occupied extensive,
continuously maintained burrow systems. In contrast, the animals released into the new
sites were unrelated, predominantly adult individuals which were released into artificial
burrows created just prior to their translocation. The behavioral decisions made by -the
released prairie dogs presumably reflected their responses to the lack of both adequate
refuges as well as socially facilitated vigilance.

As discussed in Chapter 1, the

immediate response of translocated individuals is a decrease in foraging and an increase
in behaviors related to minimizing conspicuousness while obtaining information about the
new habitat. This information may concern vegetative or structural characteristics of the
area or may be primarily related to predator detection.
A less extreme comparison is that between the control animals and the animals
translocated into the new population site. This release site was intermediate between the
control and new sites in that it contained well developed burrow systems and mounds
established by a recently extirpated population.

The primary difference between the

control site and this release site is the existence of social units among the control animals
in contrast to the group of unrelated, predominantly adult animals at the new population
site. The two types of release sites differ in the suitability of the habitat with regard to
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the presence of refuges (i.e., burrows); at both release sites the translocated animals
consisted of unrelated animals. The implication of this is that the animals released into
suitable burrows should not have to base their behavioral decisions upon the need for
refugia but rather only on the lack of social integration.

Imponance of Burrow Systems
The presence of burrows and mounds reduces the need for exploratory behavior
and provides a measure of security. The animals translocated into the new population
site quickly invaded existing burrows and began establishing new territories. This limited
the extent to which exploratory behavior was necessary to locate suitable burrows.
Presumably, the previously extirpated population that created the burrows selected sites
based on the same criteria the second population would have used.

In addition, the

problem of dispersal of released animals was lessened by the presence of available
refuges .
In both years, the frequency of movements was greater for the animals
translocated into the new site than control animals during 1990; the durations were
significantly different only in 1989. Several factors may serve as the motivation behind
movement. Movements which do not end with the animal entering a burrow may be
associated with interactions (usually in the context of territorial defense), movement to
or from a communal foraging area (Wright-Smith 1978), or movement to a burrow
mound prior to an alert bout. Movements which terminate inside a burrow are usually
associated with some type of disturbance in the colony perceived as a threat. The most
important movements in comparing resident and translocated animals are those associated
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with exploration of the habitat. The higher frequency of movement bouts observed at
the new site probably reflects exploratory behavior because the features of the colony
which underlie the other types of movements had not been established at the new site.
For example, the lack of social units at the new site means that there are no established
territories, communal foraging areas, or large mounds that can be used as lookouts.
These three features are necessary for the other types of movements discussed above.
Exploratory behavior among the control animals was uncommon because most
animals tend to remain in clan territories except during intracolony dispersal (Garrett and
Franklin 1988). The lack of significant differences between the control animals and
those released into the new population site in the frequency and duration of moving
behaviors supports the conclusion that the presence of burrow systems reduces the need
for exploratory behavior. Movements observed at the latter site were restricted to areas
around the burrow systems and open areas that appeared to function as communal
foraging areas. In this respect, the movement behaviors were similar between the control
and new population animals both in terms of their level within individual activity budgets
and in the underlying motivation.
The level of inactive behavior did not differ between the control and translocated
animals. In a natural colony, inactivity may reflect either resting behavior or a type of
vigilance associated with quick access to a refuge. The presence of suitable burrows
would be expected to lower the perceived risk of predation because the burrows would
represent refuges from predation. The observations that most inactive bouts among the
control animals occurred on or near burrow mounds and that movements at the new
population site subsequent to invasion of the burrows seemed to be centered around the
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mounds suggests that an important security function is associated with fully developed
burrow systems. In the absence of suitable refuges, inactivity may represent a means of
reducing conspicuousness (see Chapter 1).

ConfoundingFactors
Pairwise comparisons between treatments allowed partial isolation of the roles of
burrow systems and social units in the survivorship of translocated prairie dogs.
However, differences in vegetation composition and structure may confound attempts to
identify the responses to translocation per se. For example, a greater proportion of time
spent vigilant at one site as compared to the other may be due to greater vegetation cover
for terrestrial predators and subsequently reduced security for the prairie dogs (Collier
1974, Fitzgerald and Lechleitner 1974). This was addressed by comparing the vegetation
height and horizontal density between treatments.

Although the sites differed with

respect to the combination of vegetation height and visibility, neither variable could be
singled out as producing the difference. As a result, it is impossible to infer which site
had the "best" vegetative structure with regard to predator detection. Presumably, the
control site was best suited for predator detection in terms of the ease with which prairie
dogs could spot potential predators.

The new sites probably were least suited for

predator detection because prairie dogs had not previously altered the vegetation
structure. The new population site was intermediate in quality because at least one active
season had elapsed since prairie dogs had occupied the area, thereby allowing the
vegetation to begin to return to a state unaffected by prairie dog activities.

These

differences may have been a factor in the behavioral response of animals released into
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the new sites, but the differences were not extreme enough to affect the behavior of the
animals released into the new population site.
The quantity of available forage did not differ between sites as reflected in the
percent cover of grasses and forbs. The quality of this forage was not compared between
sites, however. Differences in the nutritional value of the plants between sites could
have produced the observed differences in the proportion of time spent foraging. The
level of foraging observed at the control site and in previous studies (Wright-Smith 1978)
may be necessary only because the high quality forage had been depleted through prairie
dog foraging. In contrast, higher quality vegetation at the translocation sites may allow
the animals to spend less time foraging to meet their nutritional needs. Additionally,
site-specific differences in abiotic factors such as soil chemistry or precipitation may
produce differences in forage quality independently of prairie dog foraging activities.
Although vegetation structure undoubtedly affected behaviors of translocated
prairie dogs, the most important factor influencing behavior appears to be the availability
of burrows. Although the holes augered prior to translocation into a new site afforded
some degree of refuge, prairie dogs did not appear to use them as the center of their
activities as they did with natural burrows.

The lack of any marked behavioral

differences between the control animals and those released into the new population site
suggests that the breakup of social units presumed to occur during the live-trapping and
translocation process had less of an effect on the behavior of the released animals than
did the lack of suitable burrows.
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SUMMARY

Translocated Utah prairie dogs adjusted the durations and frequencies of several
behaviors in response to translocation.

These changes involved multiple tradeoffs

between foraging, vigilance, minimizing conspicuousness to predators, and reforming
social units. Translocated prairie dogs needed to increase individual vigilance levels
while maintaining some minimum level of foraging and minimizing their conspicuousness
to predators .

The use of alert postures (i.e. , standing upright) as an indicator of

individual vigilance, however, did not reveal a difference in vigilance levels between
translocated and control animals. Either translocated prairie dogs were scanning for
predators in a quadrupedal posture or they were foregoing vigilance and opting instead
for crypticity. In either case, they appeared to adopt a mode of predator avoidance more
characteristic of solitary animals than of a colonial species.
Although the translocation process clearly disrupts social units, prairie dogs did
not invest a significant effort toward reforming social units.

Interactions among

translocated animals and between resident and translocated animals did not appear to
reflect the reformations of social units and dominance hierarchies as expected. Instead,
prairie dogs appeared to be constrained by tradeoffs in behaviors.

This further

underscores the conclusion that translocated prairie dogs behaved more like solitary
species in that social behaviors were suppressed.
Differences in habitat characteristics around each treatment site might explain the
lack of social behaviors exhibited by the translocated animals. Higher levels of shrub
cover, differences in the combination of visibility and vegetation height, and the lack of
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well-developed burrow systems could all affect the adaptiveness of social behaviors such
as cooperative vigilance and alarm calling. Another possibility for the lack of social
behaviors among translocated prairie dogs could be that the translocations occurred after
a critical period for social unit formation, such as the breeding season. If social units
are disrupted after this critical period, the hormonal and behavioral conditions for social
unit reformation may not be present.

Even after separating animals from their

established social units, they simply may not be stimulated to form new social units. If
so, social behaviors would not be expected until the year after release. Unfortunately,
none of the animals released into the new site during 1989 were present the following
year to evaluate this possibility.
My work suggests three management considerations. First management effort
should focus on the importance of providing adequate refuges as these appear to be
central to the behavioral ecology of Utah prairie dogs. The holes routinely augered at
new sites clearly function as "starter burrows" but may not be adequate as centers of
activity.

Ideally, new sites should be selected where prairie dogs have occurred

historically so that some remnants of old burrow systems may be present and used.
A second consideration is that animals released into an existing colony (i.e.,
supplemental translocations) appear to disperse from the area as a result of agonistic
interactions with established animals. It may be more beneficial to focus efforts on
establishing new colonies rather than supplementing existing colonies. In cases where
supplementation is called for (e.g., after a localized population decline) more attention
should be directed toward locating vacant burrows away from the areas of concentrated
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prairie dog activity. This would help circumvent the problems associated with placing
animals into established territories.
Finally, disruption of social units from translocation may not be as serious as
originally believed.

Although disruption certainly occurs, the effort required to trap

intact social units is not justified as the animals released into a site which contained preexisting burrows did not differ behaviorally from control animals despite being removed
from social units. As discussed above, the most important and effective consideration
is the characteristics of the habitat which promote predator avoidance and provide centers
of activity for translocated animals.
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